This study aims to detect the molluscicidal properties of the pesticides Basudin and Selecron and the phytoalkaloid Colchicine against Biomphalaria alexandrina snails including their infection with Schistosoma mansoni, production of cercariae, the levels of total protein, globulin and albumin and the activities of alanine and aspartate transaminases (AlT and AsT) and acid and alkaline phosphatases (AcP and AkP) enzymes in tissues of treated snails. The molluscicide Bayluscide was used as a reference compound. After 24 h of snails exposure to the tested compounds, Selecron was the most toxic one. Moreover, about 96% death rates of S. mansoni miracidia and cercariae was recorded after 45 min of exposure to the snails' LC 90s of Basudin and Selecron. In addition, infection rates of snails with S. mansoni and cercarial production were reduced post their exposure to LC 10 and LC 25 of Basudin, Selecron and Bayluscide and to 100 and 250 ppm Colchicine either during or post snails exposure to miracidia. Thus, snails exposure to LC 25 of Selecron reduced cercarial production from 795.2 cercariae/control snail to 72.5 cercariae/infected treated snail. The results, also, revealed that total protein, globulin and albumin concentrations of treated snails were less than control group, while activities of the enzymes AsT, AlT and AkP were elevated. It is concluded that the tested compounds have deleterious effects on viability of S. mansoni miracidia and cercariae, the snails' biochemical parameters, their infection with this parasite and production of cercariae from infected snails. Then, accidental introduction of such chemicals to irrigation system during agricultural activities could negatively interrupt and/or prevent schistosomiasis transmission.
INTRODUCTION
Schistosomiasis remains one of the most public health problems in many developing countries (Kibiki et al., 2004) . The plant pesticides are widely used in agricultural activities (Kreuger, 1999) . They usually reach the irrigation and drainage systems causing great deteriorations in the abiotic and biotic components of *Corresponding author. E-mail: gibriel2003@gmail.com such water courses including the snail intermediate hosts of schistosomiasis. Basudin and Selecron are among the currently used organophosphorus pesticides in agricultural activities. They inhibit the activity of acetylcholinesterase which is important for nervous system functions (Van Cong et al., 2006) . In rats, Diazinon (Basudin) intraperitoneal administration damaged their testes germinal epithelium leading to spermatogenesis failure after 36 hours, then infertility can appear (Cabaj et al., 2010) . Selecron is moderately toxic to birds and has low mammalian toxicity with good insecticidal properties (Tomlin, 1997) . Colchicine has long been used experimentally to visualize metaphase chromosomes in cytogenetic studies for improvement of plants' and animals' productivity (Molad, 2002) .
The changes in total protein, albumin and amino acid metabolism in miSSe and rats reflect hepatocellular injury induced by the insecticide Profenofos (Gomes et al., 1999; Yousef et al., 2006) . The levels of AlT, AsT, AkP, uric acid, createnine, and blood glucose in the serum of rabbits orally treated with Basudin were significantly increased, whereas total protein and albumin contents were decreased (Salih, 2010) .
The molluscicide Bayluscide is more toxic to the free living larval stages of schistosomes than the snail intermediate hosts (Tchoun Wou et al., 1991) . Exposure of Biomphalaria alexandrina snails to certain chemicals deteriorated the host-parasite relationships, which are highly specific and dependable on their biochemical and physiological activities that could interrupt the transmission of this parasite (El-Ansary et al., 2001) .
Therefore, the present study aims to determine the effect of the pesticides Basudin and Selecron and the phytoalkaloid Colchicine against B. alexandrina snails, their infection with Schistosoma mansoni and cercarial production from infected snails. In addition, the larvicidal potency of these compounds on S. mansoni miracidia and cercariae and on certain biochemical parameters of snails' tissues were evaluated.
MATERIALS AND METHODS

Snails
B. alexandrina snails (non infected) were reared in dechlorinated water (25°C) at Medical Malacology Laboratory, Theodor Bilharz Research Institute (TBRI), Imbaba, Giza, Egypt (Liang et al., 1987) .
The tested compounds
The pesticides Basudin and Selecron (organophosphorus) were from the Plants Protection Center, Ministry of Agriculture, Dokki, Giza, Egypt, and the phytoalkaloid Colchicine was purchased from El Nasr Pharmaceutical Chemistry Company, Cairo, Egypt. Bayluscide was from Snails Control Division, Ministry of Health, Egypt, as a reference molluscicide.
Schistosoma mansoni cercariae and ova
They were from Schistosome Biological Supply Center (SBSC) at Theodor Bilharz Research Institute (TBRI).
Bioassay tests
Molluscicidal activity
A stock solution of 1000 ppm was prepared from each pesticide Mohamed et al. 25 and Colochicine on the basis of w/v using dechlorinated water (pH 7.0-7.5). A series of concentrations was prepared from each compound (WHO, 1965) . Three replicates were used, each of ten snails (6-8 mm)/L, for each concentration. Exposure and recovery periods were 24 h each; at 25±1°C. For each test, 3 replicates of control snails were maintained under the same experimental conditions in dechlorinated water. The effectiveness of each compound has been expressed as LC50 and LC90 (Litchfield and Wilcoxon, 1949) .
Cercaricidal and miracidicidal activities
To test the cercaricidal effect, five ml of water containing about 100 fresh shedding S. mansoni cercariae were mixed with 5 ml of double concentration from each of the tested compounds in a divided Petri dish. The tested concentrations were the snails' LC0, LC10, LC25, LC50 and LC90 from each pesticide and 100 and 250 ppm of Colchicine. Another 10 ml dechlorinated water containing about 100 fresh shedding cercariae was kept as control. After 15, 30, 45, 60 and 120 min, the cercariae were observed under a dissecting microscope for alterations in their mobility. Stationary cercariae were considered dead and their mortality in the test and control aquaria was recorded (Youssef, 2010) . For miracidia, S. mansoni ova were allowed to hatch in dechlorinated tap water. Five milliliter of water containing about 100 fresh hatching miracidia was mixed with 5 ml of double concentration as in cercaricidal test. Stationary miracidia were considered dead and the mortality rates were recorded.
Effect on infection of B. alexandrina snails with S. mansoni
The snails (6-8 mm) were exposed for 24 h to LC0, LC10 and LC25 of the tested pesticides and to 100 and 250 ppm of Colchicine during miracidial exposure and at 3, 7 and 21 days post-miracidial exposure. Snails were exposed to miracidia in mass for 24 h under illumination, 10 fresh hatched miracidia/snail. For each concentration three replicates, each of 10 snails/L in glass container, were prepared. After that, the snails were transferred to clean dechlorinated water (25±1°C) and daily fed oven dried lettuce leaves throughout the prepatent and patent periods (Massoud et al., 1973) . A control group of three replicates, each of 10 snails/L was exposed to miracidia concurrently with the experimental snails and treated similarly till cercarial emergence. Dead snails were removed daily and surviving snails were individually examined once weekly for cercarial shedding 24 days post-miracidial exposure. Then, cercarial production/ infected snail was recorded (Youssef, 2010) .
Effect of biochemical parameters on snails' tissues
B. alexandrina snails (8-10 mm) were exposed for 24 h/week for 4 successive weeks to LC0, LC10 and LC25 of each pesticide and to 100 and 250 ppm of Colchicine. For each concentration, 30 snails were used and another group was maintained in dechlorinated water (25±1°C) as control. The soft parts of snails were dissected out from their shells after gently crushing, weighed and homogenized in cold distilled water at a ratio of 1 g: 10 ml using a glass homogenizer for 5 min.
The homogenates were centrifuged for 15 min at 3000 rpm (4°C) and the fresh supernatant was then used in enzymes and total protein assays (El-khayat and Abu-Zikri, 2004) . The tested biochemical parameters were total protein (Domas, 1975) and albumin (Gustafsson, 1976) concentrations and the activities of (Reitman and Frankel, 1957; White et al., 1970) and the phosphatases AcP (Moss, 1984) and AkP (Babson, 1965) enzymes. For evaluating these parameters spectrophotometrically kits from Quimica Clinica Aplicada S. A.
(QCA) Ltd., Span were used.
Statistical analysis
Snails mortality and infection rates were analyzed by Chi-square values of contingency tables (Southwood, 1978) . The mean values of prepatent and patent periods, cercarial production/snails and biochemical parameters of the tested and control snails were compared by student "t" test (Goldstein, 1964) . Statistical analysis was performed by the SPSS computer program (version 13.0 windows).
RESULTS
From the bioassay test, the pesticide Selecron showed a marked toxic effect against B. alexandrina snails compared to Basudin and Colchicine. Its LC 90 was 5.57 ppm after 24 h of exposure at 25±1°C (Table 1 ).
Effect of the tested compounds on the free living larval stages of S. mansoni (miracidia and cercariae) Table 2 indicated that miracidicidal and cercaricidal potencies of the tested compounds are time and concentration dependent. For miracidia, the mortality rate at LC 50 of Selecron was increased from 7 to 57% by elongation of the exposure period from 15 to 60 min. Moreover, 90% death of miracidia was observed after 45 min of exposure to LC 90 of Basudin, Selecron and Bayluscide, while no death was seen among specimens of control group. For 250 ppm Colchicine, approximately no toxic effect was noticed after 60 min of exposure (only 9% death). Concerning cercariae, the data revealed them to be more susceptible to the tested pesticides than miracidia. Thus, more than 90% death of cercariae was noticed post 30 min of exposure to LC 90 of each of these compounds, while they exhibited high tolerance to 250 ppm of Colchicine after 60 min.
Effect on infection of B. alexandrina snails with S. mansoni
Survival rate of the snails at first shedding From Table 3 , 24 h of snails exposure to LC 0, LC 10 and LC 25 of Basudin, Selecron and Bayluscide and to 100 and 250 ppm Colchicine during and post exposure to S. mansoni miracidia significantly reduced their survival rates at 1st shedding and their infection rates compared to their corresponding control groups. Thus snails survival rates post exposure to LC 25 of Basudin duringand after 21 days of miracidial exposure were 15 and 20%, respectively, compared to 87.5% for control group (P<0.001). As well, the infection rates at LC 25 of Selecron during-and after 3 days of miracidial exposure were 20 and 31.3% respectively, in comparison with 94.4% for control group (P<0.001).
Moreover, raising the concentration of the tested pesticides caused more decrement in survival rates at 1st shedding and infection rates of snails treated either during-or post-miracidial exposure.
Thus, the infection rate of snails exposed to Selecron after 3 days of miracidial exposure was reduced from 66.7 to 31.3% by raising the concentration from LC 10 to LC 25.
Prepatent period and duration of cercarial shedding
The results showed, generally, an elongation of prepatent period for snails treated with the tested compounds after 7 and 21 days of miracidial exposure. The longest period was seen for snails treated with LC 25 of Bayluscide (Figure 1 ) after 21 days of miracidial exposure, being 62 days compared to 47.5 days for control group (P<0.001).
On the other hand, the duration of cercarial shedding from snails treated with the tested compounds was shorter than their corresponding control groups. The shortest period was recorded for snails treated with Colchicine 250 ppm during-miracidial exposure and LC 25 of Basudin after 7 days of miracidial exposure, being 4.5 and 5 days, respectively compared to 25.1 days for control group (P<0.001). LC0  0  0  0  0  0  0  8  9  14  LC10  0  0  2  5  0  3  12  15  41  LC25  0  0  13  27  0  7  23  37  53  LC50  2  8  48  59  0  14  58  69  83  LC90  18  87  93  98  10  97 Table 3 showed that this parameter was reduced by snails treatment with the tested compounds during-and postmiracidial exposure. Thus, the cercarial production/infected snail from groups treated with LC 0 of Basudin and Selecron after 3 days of miracidial exposure was 427.3 and 310.2 cercariae/snail respectively, compared to 887.3 and 811.3 cercariae/snail of their corresponding control groups (P<0.001). The reduction rates under these conditions were 51.8 and 61.8%, respectively. Moreover, this parameter for snails treated with 100 ppm of Colchicine after 3 days of miracidial exposure suffered from more reduction as it scored 227.5 cercariae/snail compared to 887.3 cercariae/control snail (P<0.001), with a reduction rate of 74.4%. The results, also, revealed more reduction in this parameter for snails treated with the tested compounds during-miracidial exposure compared to those treated post-miracidial exposure. Thus, cercarial production/snail from groups treated with LC 10 of Basudin and Slecron during-miracidial exposure was 213 and 62 cercariae/snail respectively, compared to 622.7 and 372.1 cercariae/snail for groups treated after 7 days of miracidial exposure.
Cercarial production
Effect on biochemical parameters in tissues of B. alexandrina snails
Determination of biochemical parameters in tissues of B. alexandrina snails treated with LC 10 and LC 25 of Basudin, Selecron and Bayluscide and 100 and 250 ppm of Colchicine indicated a marked decrement in the total protein, globulin and albumin concentrations in comparison with control group (Figure 2) . Thus, the total protein concentration for snails exposed to LC 25 of Basudin, Selecron and Bayluscide and 250 ppm of Colchicine were reduced to 34.6, 28.6, 35.8 and 36.2 mg/g tissue, respectively, compared to 48.4 mg/g tissue for control group (P<0.01).
However, snails treatment with Basudin, Selecron, Colchicine and Bayluscide raised the activities of the enzymes AsT and AlT in their tissues, but vice-versa was recorded for AcP in comparison with control groups (Table 4) . For AkP, its activity was elevated by the tested pesticides, but decreased by Colchicine treatments.
DISCUSSION
In this study, Selecron was more toxic to the snails than Basudin. Similarly, Youssef (2010) recorded such observation on Selecron and Basudin against B. alexandrina snails. The present mortality rates of S. mansoni miracidia and cercariae were concentration and exposure period dependent. This agrees with Mahmoud (2006 a) on the pesticides Regent and Mimic. Similar conclusion was recorded by Hasheesh and Mohamed (2011) against S. haematobium miracidia and cercariae exposed to the pesticides Chlorpyrifos and Profenofos.
The present results showed that survival rates of snails at 1st shedding post 24 h of exposure to the tested compounds were significantly less than their corresponding control groups. Similar conclusion was recorded by Massoud et al. (1973) on B. truncatus snails exposed to Bayluscide and infected with S. haematobium. This was also, recorded for B. alexandrina snails post their subjection to the fungicide Topas (Esmaeil, 2009) and the pesticides Match and Vertimec (Youssef, 2010) after 3 weeks of snails exposure to S. mansoni miracidia. However, Hira and Webbe (1972) found that B. glabrata snails treated with triphenyl lead acetate after 20 days of exposure to S. mansoni miracidia, had a similar mortality rate at 1 st shedding as control group. activities of the enzymes AsT, AlT, AcP and AkP, also in the levels of total protein in tissues of S. mansoni infected snails treated with these agents, that may render their physiological processes unsuitable for the parasite development. In addition, the decrement of infection rates of snails treated with the tested compounds duringmiracidial exposure may be due to the suppression of such agents on the infectivity and vitality of miracidia to penetrate the snails' skin and on their subsequent development within snails' tissues. Moreover, miracidial penetration of snails' skin, in the presence of the tested compounds, damaged and ruptured snails' cells (Malek, 1980) causing more harmful stress and injury raising the snails death rates during the prepatent period, then reduced their survival and infection rates, shortened duration of cercarial shedding and cercarial production from infected snails under these stressors. The present suppressive effect on cercarial production from infected treated snails could be due to the accumulation of the tested compounds in the snails' head-foot region specially for those treated during miracidial exposure and at early prepatent period, where mother sporocysts are still present (Malek, 1980) hence their subsequent developmental stages could be deteriorated leading to decrement in cercarial output and shortening the duration of cercarial shedding from these snails.
This was recorded by Mahmoud (2006a) (Hasheesh and Mohamed, 2011) . In addition, reduction in schistosomes cercarial output from infected-treated snails may be resulted from their active defense system. As, it was stated by Ataev and Coustau (1999) and Barbosa et al. (2006 a,b) that the success or failure of B. glabrata infection with trematodes depends on snails' humoral factors, mainly circulating hemocytes and plasma factors.
The present reduction of total protein and albumin concentrations in tissues of snails treated with the tested compounds could be a consequence of structural damages of their internal organs (Tolba et al., 1997) . This was noticed by Esmaeil (2009) who attributed this reduction in B. alexandrina snails treated with the fungicide Topas to degeneration of the snail's ovotestis and digestive glands cellular structure. Meanwhile, the present study revealed an elevation in the activities of AsT, AlT and AkP enzymes in snails' tissues post treatment with LC 10 and LC 25 of Basudin, Selecron and Bayluscide in comparison with control groups. These observations are in agreement with those on B. alexandrina snails exposed to the pesticides Match and Vertimec (Youssef, 2010) . However, Mahmoud and El-Sayed (2004) observed a decrease in the activity of AkP in hemolymph and tissues of B. alexandrina snails treated with LC 10 and LC 25 Niclosamide and attributed this to the acidity of snails' hemolymph which led to the rupture of their cells and severely damaged their organelles.
So, the present disturbances in the activities of the enzymes AsT, AlT, AcP and AkP in tissues of snails treated with the tested agents could be explained on the hypothesis of cells rupturing and injuries of different snails' organs, as well their suppressive effect on the nervous system of these snails. As, it was stated that the organophosphorus pesticides negatively affect the neurotransmittors in the nervous system of treated organisms (Van Cong et al., 2009) .
From the foregoing data, it is concluded that low concentrations of the pesticides Basudin and Selecron suppressed the vitality of S. mansoni larval stages (miracidia and cercariae) within a short exposure period. As well, they disturb the compatibility of B. alexandrina snails to S. mansoni through alterations of snails' metabolic processes. Therefore, accidental introduction of such pesticides to snails' habitats through plant pests control could negatively interfere with and/or prevent schistosomiasis transmission.
